The volatile components in single-flowered and double-flowered Chinese narcissus were identified by headspace-solid phase microextraction (HS-SPME) coupled with GC and GC/MS. Changes in aroma during the vase-life (days 0, 1, 2, 3, 4, 5 and 6) of two samples were also studied. A total of 35 compounds were identified, of which all were present in single-flowered and 26 in double-flowered samples. The main aroma components were (E)-β-ocimene, and benzyl acetate. Single-flowered narcissus have a higher percentage of benzyl acetate, while double-flowered narcissus have a higher percentage of 1,8-cineole. In vase-life, the total volatile component content peaked on day 2 for single-flowered and day 3 for the double-flowered narcissus. For both single-flowered and double-flowered narcissus flowers, the total content of volatile components had decreased significantly by day 4.
Introduction
Chinese narcissus (Narcissus tazetta var. chinensis Roem) is a member of the Amaryllidaceae family and the Narcissus genus. It is a monocot plant whose flowers develop at high temperatures and bloom at lower temperatures. Featured during the Chinese Spring Festival, Chinese narcissus is a traditional and well-known Chinese flower with high economic and ornamental value [1] . It is a popular ornamental flower worldwide, especially in China and Taiwan, and narcissuses are widely cultivated in southern China [2] . Narcissus has a strong fragrance [3] , that is highly valued in the fragrance industry [4] . Table 1 . Comparisons of major volatile compounds reported in Narcissus flowers in published papers.
Plant species/variety
Major compound Methods of testing/extraction Ref.
Narcissus poeticus L.
α-terpineol, menthyl-(E)-isoeugenol, methyl-(E)-isoeugenol, and benzyl benzoate headspace [3] N. trevithian and N. geranium Authors did not present any quantitative data on the individual compounds. However, they reported N. trevithian contains more phenolic compounds and fewer esters compared to N. geranium high vacuum distillation [4] N. tazetta var. chinensis benzyl alcohol, α-terpineol, γ-phenylpropyl alcohol, 1,8-cineole, benzyl acetate, and linalool hydrodistillation [5] N. tazetta florepleno benzyl acetate, methyl anthranilate, benzyl alcohol, and linalool hydrodistillation [6] Narcissus, two cultivars benzyl acetate, benzyl alcohol, linalool, and indole hydrodistillation [7] Fresh narcissus flowers benzyl alcohol , and α-terpineol headspace [8] Narcissus flowers (E)-β-ocimene and α-terpineol Likens-Nickerson extraction [9] Narcissus flowers benzyl acetate, (E)-β-ocimene, 3,4-dimethoxytoluene, and 3,5-dimethoxytoluene headspace [10] Zhangzhou narcissus flowers benzyl acetate, benzyl alcohol, indole, 3,7-dimethyl-1,6-octadien-3-ol, and ρ-mentha- N. pseudonarcissus L.
(E)-β-ocimene headspace [17] Several studies on the volatile compounds of Narcissus spp. have been performed. Table 1 summarizes plant species/variety, method of testing/extraction, major volatile compounds and reference number in the published papers.
It was also recently confirmed that the use of headspace analysis provides a more natural profile that studies using hydrodistillation of plant volatiles [18] . SPME allows the sampling of the volatiles emitted by living plants in a fast and easy way [19] , allowing the volatile compounds present in the headspace of odoriferous flowers in different flowering to be studied, including compounds that may not be detectable by conventional methods, such as solvent extractions, and hydrodistillation, but can be detected using HS-SPME [20] .
Many previous studies have investigated the aroma of Chinese narcissus flowers, but few of them have discussed changes in narcissus flower aroma during the vase period. The aim of this work was to utilize HS-SPME method to investigate the volatile components and to understand the changes in these aromas during various stages of the vase period of fresh Chinese narcissus flowers.
Results and Discussion

Analysis of the Volatiles in Fresh Single-and Double-Flowered Chinese Narcissus Flowers
The volatile compounds in the narcissus flowers were analyzed by headspace solid-phase microextraction coupled with GC and with GC-MS. Tables 2, 3 , and 4 show the 35 components that were identified in single-flowered samples, including 13 monoterpenes, three terpene alcohols, one terpene aldehyde, four terpene esters, one terpene oxide, one aromatic aldehyde, one aromatic alcohol, four aromatic esters, one sesquiterpene, three aliphatic esters, two hydrocarbons, and one other compound. A total of 26 components were identified in double-flowered samples, including 13 monoterpenes, three terpene alcohols, one terpene oxide, one aromatic alcohol, three aromatic esters, two aliphatic esters, two hydrocarbons, and one other compound. The main constituents of the Chinese narcissus flowers were (E)-β-ocimene (62.73%-66.06%), benzyl acetate (11.65%-25.02%), (Z)-β-ocimene, 1,8-cineole, and linalool.
In a study by Sakai et al. [5] , (Z)-β-ocimene was not detected. However, in a later study by Sakai [7] , this component was detected. In a study by Surburg et al. [17] , different headspace methods were used to analyze the aroma of Narcissus pseudonarcissus L. The main component was (E)-β-ocimene; a contribution of 75% was detected by the dynamic headspace method, while 30.1% was detected by the vacuum headspace method. In a study by Arai [14] , the headspace method was used to analyze Narcissus tazetta var. chinensis, and a 51.19% contribution of (E)-β-ocimene was detected. In this study, we used HS-SPME for analysis and found 62.73 and 66.06% contributions of (E)-β-ocimene for the two samples used in this study. However, as shown in Table 1 , no form of β-ocimene was reported as one of the major volatile components in distilled samples, therefore we postulate that heating during distillation decreased the content of this compound that could be detected. In addition, we found that single-flowered narcissus are rich in esters, including benzyl acetate, phenethyl acetate, isoamyl acetate, prenyl acetate, and 3-hexyl acetate. Among these ester components, the benzyl acetate content was the highest. Benzyl acetate was also a major component of narcissus flower aroma [3] [4] [5] [6] [7] [10] [11] [12] [13] [14] . As shown in Table 1 , benzyl acetate was reported as the first major volatile component in several studies, probably because of the low content of ocimene. In this study, the content of benzyl acetate was 25.02%, next to (E)-β-ocimene (67.02%). Volatile compound isolation methods by headspace or by distillation gave different data from this comparison. It was confirmed again that the use of headspace analysis provides a more natural profile than studies using hydrodistillation of plant volatiles [17] .
In a study by Van Dort et al. [4] prenyl acetate was detected as a minor component. Regarding the terpene alcohols, linalool, and α-terpineol were detected. Among these compounds, linalool is the major contributor to the aroma [5] [6] [7] 10, [12] [13] [14] . α-Terpineol was reported as a major aromatic component of narcissus flowers in studies by Joulain [8] , Loo and Richard [9] , and Ehret et al. [3] . Indole is known as being very important in floral odors [4] . Although the indole content is low, its aroma threshold is low; thus, a pleasing and strong fragrance is emitted, even at low concentration. Fresh Chinese Narcissus flowers were picked and immediately analyzed and could therefore be considered as fresh at the time of SPME. As for aliphatic hydrocarbons, pentadecane was not detected by Sakai et al. [5] or Sakai [7] , but this component was detected by Loo et al. [9] . The presence of n-alkanes, as a biomarker of fresh flowers, is ascribed to the Narcissus tazetta var. chinensis Roem flowers, and not contamination. Li et al. [20] and Shang et al. [21] also cited n-alkanes as a biomarker of living flowers for Michelia alba and Syring oblate flowers. In addition, sesquiterpene-type components are almost undetectable, which may be due to the poor absorption of sesquiterpene components by SPME [22, 23] . To summarize, the main components of the floral scent of narcissus flowers were (E)-β-ocimene, benzyl acetate, linalool, and indole. Among these components, benzyl acetate and (E)-β-ocimene have floral aromas [24] . Table 3 shows the aroma constituents of Narcissus tazetta var. chinensis Roem at different flowering stages (flower buds, day 0; early flower blooming, day 1; flower blooming, day 2-3, late flower blooming, day 4; senescence, day 5-6 as analyzed by GC and GC/MS. All samples were placed in a plant tissue culture laboratory with a controllable environment, and the room temperature was set at 25 °C. The vase life was 6 days. Every morning, the SPME method was used to extract aroma for analysis. The GC method was used for analysis and to compare the peak area content. As shown in Table 2 , a total of 35 volatile compounds were identified for the single-flowered samples, for which the volatile components content peaked on day 2, decreasing significantly by day 3, and being lowest at day 6. Among these main components, (E)-β-cimene, prenyl acetate, and benzyl acetate have the highest aroma content on day 2, with contents that decreased significantly thereafter. Among the monoterpene components, α-pinene, sabinene, β-myrcene and γ-terpinene have the highest content on day 0, decreasing with time thereafter. 6-Methyl-5-hepten-2-one was undetected on days 0-5, but it was detected in trace amounts on day 5 and peaked on day 6. The odor of 6-methyl-5-hepten-2-one is metallic and wet-rubber-like as described by Chen et al. [24] . The compound was a speculated offodor of the Narcissus tazetta var. chinensis Roem. A total of 25 volatile compounds were identified for the double-flowered samples, and the content of their volatile components peaked on day 3 of the vase period. Among these major components, the aroma contents of (Z)-β-ocimene, (E)-β-ocimene, benzyl acetate, and linalool peaked on day 3, decreasing significantly by day 4. Oyama-Okubo et al. [25] analyzed of the major scent compounds in cut flowers of 'Casa Blanca' lilies reported that total emissions of scent compounds peaked on the third day and then decreased. Notes: All the definitions of the symbols used in Table 3 mean values were also used in Table 4 .
Volatile Compounds over the Vase-Life of Narcissus tazetta var. chinensis Roem
For both single-flowered and double-flowered narcissus flowers, the total content of volatile components had decreased significantly by day 4, and the total volatile component was lowest on day 6.
Comparison of Volatile Compounds from Single-Flowered and Double-Flowered of Narcissus tazetta var. chinensis Roem
Due to their different relative contents, the two narcissus flower types might have different scents. More ester compounds were identified in single-flowered samples than in double-flowered samples, including benzyl benzoate, and 3-hexenyl acetate, which may contribute to the aroma profile of the flowers. As shown in Table 4 , Single-flowered samples have lower total peak areas and higher percentages of sesquiterpenes than the double-flowered samples.
Experimental
Plant Materials
Single-flowered and double-flowered narcissus bulbs were purchased from Zhangzhou, Fujian Province, China. These bulbs were placed in pots containing water and then left under outdoor light. The bulbs were incubated for 35 days until they blossomed.
Methods
Volatile Components of Narcissus Flowers
(1) Aroma components of the single-and double-flowered Chinese narcissus flowers: Fresh singleand double-flowered narcissus flowers in full bloom (ten each) were picked and immediately placed into sealed bottle. The SPME method was used to extract the aroma components. This experiment and all other experiments in this study were performed with six replicates.
(2) Volatile compounds during the vase-life of Narcissus tazetta var. chinensis Roem: Samples of narcissus bulbs about to flower were placed in a tissue culture laboratory controlled at 25 °C. The samples were exposed to 12 h of light and 12 h of darkness every day. Fresh budding single-flowered and double-flowered narcissus flowers (one flower each) were selected on a day then defined as day 0. These two samples were cut and inserted into two water-containing test bottle (precleaned # 27343 22-mL clear screw cap vials; Supelco, Bellefonte, PA, USA). From day 0 to day 6 at 10:00-12:00 in the morning, the SPME method was used to extract aroma to monitor the changes thereof.
Analysis of Volatile Compounds
(1) HS-SPME analysis. A 50/30-μm divinylbenzene/carboxen/polydimethylsiloxane fiber (Supelco, Inc.) was used for aroma extraction. The SPME fiber was exposed to each sample for 30 min at 25 °C, after which each sample was injected into a gas chromatograph injection unit. Peak area data reported from the integrator was used for quantification.
(2) Analysis of volatile components of samples by GC: Qualitative and quantitative analyses of the volatile compounds were conducted using an Agilent 6890 GC equipped with a 60 m × 0.25 mm i.d. DB-1 fused-silica capillary column with a film thickness of 0.25 μm and a flame ionization detector.
